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(54) Manufacturing method for producing silicon carbide crystal using source gases and 
apparatus for the same 



(57) A crucible 30, which has first member 31 and 
second cylindrical body 36, is disposed in a lower cham- 
ber. A pedestal 33 is disposed inside the first member 
31 , and a seed crystal 34 is fixed to the pedestal. A sec- 
ond heat insulator 52 is provided between an inlet con- 
duit 50 and a crucible 30. A first heat insulator 51 is pro- 
vided at a halfway portion of the inlet conduit 50. With 
these heat insulators, a temperature gradient occurs in 
the inlet conduit at a portion thereof that is closer to the 
crucible. A mixture gas is introduced into the crucible 
30. The mixture gas is heated up gradually when pass- 
ing through the inlet conduit 50 and is introduced into 
the crucible 30 to form SiC single crystals in high quality. 



FIG. 1 
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Description 

[0001] The present invention relates to manufacturing 
method for producing single-crystal silicon carbide that 
has low defects and high quality, and apparatus suitable 
for the same. 

[0002] Silicon carbide (hereinafter, SiC) has been de- 
veloped as a semiconductor substrate for a power de- 
vice because SiC has characteristics such as withstand- 
ing high voltage and high electron mobility. Generally, 
the single-crystal SiC is produced by single crystal 
growth method called sublimation (the Modified Lely 
Method). 

[0003] In the Modified Lely Method, silicon carbide 
source material is held in a graphite crucible, and a seed 
crystal is held in the graphite crucible so as to face the 
source material. In this state, the source material is heat- 
ed up to about 2200 to 2400 °C to generate sublimed 
gas while temperature of the seed crystal is kept to be 
lower than that of the source material by several ten to 
several hundred °C, whereby the sublimed gas is re- 
crystallized at a growth surface of the seed crystal to 
form SiC single crystals. 

[0004] However, there is limit to growth in the Modified 
Lely Method as the source material decreases in ac- 
cordance with growth of the SiC single crystals. Al- 
though new source material can be added, SiC is sub- 
limed at a rate in which Si to C is more than 1, so that 
concentration of the sublimed gas vacillates when the 
new source material is added in process of growth, 
thereby preventing crystals from growing in high quality 
successively. 

[0005] On the other hand, epitaxial growth method of 
SiC single crystals by CVD (Chemical Vapor Deposition) 
is disclosed in JP-A-1 1-508531 (USP 6,039,812). FIG. 
4 shows a schematic cross sectional view of an appa- 
ratus for the epitaxial growth method described in the 
above-mentioned publication. As shown in FIG. 4, a 
susceptor 2 as a crucible disposed approximately at a 
center of a case 1 having a cylinder shape. The suscep- 
tor 2 is composed of high-purity graphite or the like. SiC 
single crystal substrate is disposed on an inner surface 
of the susceptor 2 at an upper side thereof as a seed 
crystal for epitaxial growth. Heater 4 is provided at an 
outside portion of the case 1 where the susceptor 2 is 
disposed inside of the case 1 to heat gases inside of the 
susceptor 2. 

[0006] Space surrounding the susceptor 2 is filled with 
thermal insulator 5 composed of porous graphite. An in- 
let conduit 6 having a funnel shape is located under a 
bottom of the susceptor 2 that is formed by the thermal 
insulator 5. A supplying portion 7 is located at a bottom 
of the case 1 to supply a mixture gas while outlet con- 
duits 8 are disposed at a top of the susceptor 2 to ex- 
haust the mixture gas. Moreover, a conduit 9 is disposed 
at upper side of the case 1 that communicates with out- 
side of the case 1 . 

[0007] In this apparatus constituted described above, 



the mixture gas supplied by the supplying portion 7 is 
transferred to the susceptor 2 through the inlet conduit 
6 formed by the thermal insulator 5, and the mixture gas 
is heated by the heater 4 and epitaxial growth occurs on 

5 the seed crystal 3 as silicon carbide single crystals. Re- 
maining mixture gas is exhausted through the outlet 
conduits 8 disposed at the top of the susceptor 2, and 
the conduit 9 disposed at the upper side of the case 1 . 
[0008] However, in the manufacturing method for pro- 

10 ducing silicon carbide single crystal by CVD, since the 
inlet conduit 6 is composed of the graphite 5, heat of the 
susceptor 2 tends not to transmit to the Inlet conduit 6, 
whereby temperature of the mixture gas in the inlet con- 
duit 6 is low. The mixture gas is heated up rapidly when 

1* transferred to the susceptor 2. When the mixture gas is 
heated up rapidly as described above, silicon carbide 
single crystals having high quality is not obtained gen- 
erally. 

[0009] Therefore, it is supposed that a temperature of 

20 the mixture gas is heated up in the inlet conduit 6, and 
then, the mixture gas having higher temperature at a de- 
gree of predetermined value is supplied to the susceptor 
2. However, when the temperature of the mixture gas Is 
500 °C or more, Si deposits on a wall surface of the inlet 

25 conduit 6. Moreover, when mixture gas is heated up to 
a reaction temperature of Si and C, Si reacts with C so 
that SiC deposits on the wall surface of the inlet conduit 
6. Thus, the inlet conduit is plugged with the deposits. 
[0010] Besides, there is possibility that in a path 8 at 

30 an upper surface of the susceptor that is narrow In a 
passing route of the mixture gas, or in a path 9 that com- 
municates with the outside of the upper chamber, Si 
which remains in the mixture gas or SiC as a product by 
reaction also deposits to plug those paths. 

35 [0011] The present invention has been made in view 
of the above-mentioned problem, and an object thereof 
is to provide a manufacturing method of silicon carbide 
single crystals that is capable of preventing blockage 
caused by the mixture gas, and an apparatus for the 

40 same. 

[001 2] According to a first aspect of the present inven- 
tion, the method is characterized in that a temperature 
gradient occurs in an inlet conduit for introducing the 
mixture gas so that a temperature of the inlet conduit 
45 rises at a portion of the inlet conduit that is closer to the 
crucible. 

[001 3] With this method, the mixture gas is not heated 
rapidly after introduced into the crucible. The mixture 
gas which is heated up when passing through the inlet 

so conduit is introduced into the conduit. Therefore, silicon 
carbide single crystals having good quality are formed. 
[0014] Moreover, even if the mixture gas is heated up 
to a temperature at which SI or SiC or the like can de- 
posit in the crucible, when the mixture gas moves to a 

55 portion of the inlet conduit that is in high temperature 
more than a temperature at which Si and SiC can sub- 
lime, the deposit is prevented. 

[0015] In the present invention, the temperature gra- 
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dient is caused in the crucible so that the mixture gas 
moves to a portion having higher temperature, and a vol- 
ume of the mixture gas expands, so that a velocity of 
the mixture gas in the inlet conduit increases as a tem- 
perature rises. 

[001 6] Therefore, the mixture gas can move to a high- 
er temperature portion quickly, whereby a manufactur- 
ing method for producing silicon carbide single crystals 
is provided that is capable of preventing the inlet conduit 
from being plugged by the mixture gas. 
[001 7] Preferably, the inlet conduit has a hole in which 
a sectional area thereof decreases at a portion of the 
conduit that is closer to the crucible. According to this 
feature, since a path of the mixture gas tapers off at a 
portion of the inlet conduit that is closer to the crucible, 
the velocity of the mixture gas increases as the mixture 
gas approaches the crucible. Therefore, the velocity of 
the mixture gas is enhanced more than that of the mix- 
ture gas in a case where a sectional area of the hole in 
the inlet conduit is constant. 

[001 8] Preferably, the mixture gas is mixed with a car- 
rier gas to be introduced together into the crucible 
through the inlet conduit. 

[001 9] According to this feature, a velocity of the mix- 
ture gas is enhanced in the inlet conduit. Therefore, the 
mixture gas is prevented from being plugged the inlet 
conduit. 

[0020] Preferably, a temperature at an exhaust por- 
tion of the crucible through which the mixture gas is in- 
troduced into the crucible is set higher than that at an 
introducing portion of the crucible through which the 
mixture gas is exhausted from the crucible. 
[0021] Since the deposits caused by the mixture gas 
tend to be formed at a portion at low temperature in com- 
parison with a periphery thereof, the exhaust portion is 
prevented from being plugged with the deposits by in- 
creasing the temperature at the exhaust portion. 
[0022] Preferably, a movable temperature rising 
means and an x-ray apparatus are provided outside the 
crucible to reduce deposits caused by the mixture gas. 
[0023] Preferably, a room for passing the mixture gas 
therein that is exhausted from a growth room where sil- 
icon carbide single crystals grow on the silicon carbide 
single-crystal substrate, and a temperature of the room 
is set lower than that of the growth room, so that deposits 
due to the mixture gas are formed in the room. 
[0024] Deposits caused by the mixture gas tend to be 
formed at a portion at low temperature. Therefore, by 
forming the deposits in this room, an exhaust conduit for 
exhausting the mixture gas to the outside of the appa- 
ratus is prevented from being plugged with the deposits 
due to the mixture gas. Incidentally, since the deposits 
are formed on a wall of the room, a path of the gas is 
secured in the room. 

[0025] An apparatus in this invention has a crucible in 
which a silicon carbide single-crystal substrate is dis- 
posed as a seed crystal, and a mixture gas containing 
Si and C is introduced, so that silicon carbide single 



crystals grow on said silicon carbide single-crystal sub- 
strate. Specifically, an inlet conduit has a temperature 
gradient therein so that temperature of the inlet conduit 
at a side of the crucible is higher. 

s [0026] A first heat insulator or second heat insulator 
or the like may be provided at a halfway portion of the 
inlet conduit, or provided between the inlet conduit and 
the crucible to adjust a transmission of heat from the 
crucible to the inlet conduit. 

10 [0027] Plurality of materials, such as graphite, quartz, 
or metal or the like, each of which has different thermal 
conductivity from each other can employ to the inlet con- 
duit to make the temperature gradient therein suitably. 
In this case, the graphite should be located nearest the 

is crucible because of its high heat resistance. Preferably, 
the quartz is intervened between the graphite and the 
metal. 

[0028] Preferably, a sectional area of a hole formed 
in the inlet conduit decreases at a portion of the inlet 

20 conduit that is closer to the crucible. Thus, the velocity 
of the mixture gas is enhanced. 
[0029] Preferably, TaC is formed on an inner surface 
at least at an outlet portion in the inlet conduit. 
[0030] Preferably, a surface roughness should be reg- 

25 ulated. For example, 7 ujti or less. 

[0031] Preferably, an inner surface of the inlet conduit 
may be a polished surface, or a mirror surface. 
[0032] Preferably, a protrusion is formed inside the 
crucible, and the protrusion has a communicating path 

30 which connects the inlet conduit to the growth room. Be- 
sides, an opening area of the communicating path in- 
creases at a portion thereof that is closer to the silicon 
carbide single-crystal substrate, and a wall surface of 
the communicating path has a convex and concavity 

35 thereon. With this feature, deposits due to the mixture 
gas are trapped at the convex and concavity surface, 
whereby the inlet conduit is prevented from being 
plugged with the dropped deposits. 
[0033] Other objects and features of the present in- 

40 vention will become more readily apparent from a better 
understanding of the preferred embodiment described 
below with reference to the following drawings. 
[0034] FIG. 1 is a schematic cross sectional view of a 
manufacturing apparatus in the first embodiment of the 

45 present invention; 

[0035] FIG. 2 is a schematic cross sectional view of a 
manufacturing apparatus in the second embodiment of 
the present invention; 

[0036] FIG. 3 is a schematic cross sectional view of a 
50 manufacturing apparatus in the third embodiment of the 
present invention; and 
> [0037] FIG. 4 is a schematic cross sectional view of a 
manufacturing apparatus in the prior art. 

55 (FIRST EMBODIMENT) 

[0038] Hereinafter, an embodiment will be explained. 
FIG. 1 shows an apparatus for producing silicon carbide 
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single crystals (hereinafter, merely referred to as an ap- 
paratus). As shown In FIG. 1 , cylindrical chamber 1 has 
a lower chamber 2 that is a portion to hold a crucible, 
and an upper chamber 3 that is a portion to take out a 
completed silicon carbide (SiC) so that space formed in 
the lower chamber 2 communicates with space formed 
In the upper chamber 3. 

[0039] The upper chamber 3 is composed of, for ex- 
ample, a SUS (stainless steel), and has a sample take- 
out port 3a for taking out SiC single crystals that finishes 
crystal growth. An opening at an upper side of the upper 
chamber 3 is covered with a top lid 4 composed of, for 
example, the SUS (stainless steel). An exhaust pipe 6 
is connected to the top lid 4, and is connected to a vac- 
uum pomp (not shown). An inside of the chamber 1 is 
controlled in pressure by the vacuum pomp so as to 
draw a vacuum. 

[0040] The lower chamber 2 is composed of, for ex- 
ample, quartz, and an opening at a lower side for the 
lower chamber 2 is covered with a bottom lid 5 com- 
posed of, for example, the SUS (stainless steel). The 
crucible 30 is disposed inside the lower chamber 2 and 
surrounded by a heat insulating material. 
[0041] The crucible has first member 31 and second 
member 32. The first member 31 has a cylindrical body 
(first cylindrical member) . A SiC single crystal substrate 
fixing pedestal 33 (hereinafter, merely referred to as a 
pedestal) is disposed at a side close to the upper cham- 
ber 3 inside the first member 31 so that gap is formed 
between the pedestal 33 and inner wall of the upper 
chamber 3. A silicon carbide single crystal substrate 34 
is fixed on one surface of the pedestal 33. The SiC single 
crystals grow on the silicon carbide single crystal sub- 
strate 34 as a seed crystal in space 35 provided inside 
the first member 31 . Hereinafter, the silicon carbide sin- 
gle crystal substrate 34 is referred to as a seed crystal, 
the space 35 inside the first member 31 is referred to as 
a growth room. 

[0042] The second member 32 has a cylindrical body 
(second cylindrical member) 36 and a wall 37. The wall 
37 is provided at an end located far from the upper 
chamber 3 in the cylindrical body 36. a protrusion 38 is 
provided at a center portion of a wall 37 in the second 
member 32. The protrusion 38 is provided so as to pro- 
trude to the inside of second cylindrical body 36, and a 
communicating path 38a, which communicates with the 
inside of the second cylindrical body 36 to the outside 
of second member 32, is formed inside the protrusion 
38. The communicating path 38a is constituted in such 
a manner that an opening area of the communicating 
path 38a increases at a portion of the communicating 
path 38a that is closer to the pedestal 34. The first mem- 
ber 31 is disposed inside the second member 32 de- 
scribed above. More specifically, the first member 31 in- 
tervenes between the second cylindrical body 36 and 
the protrusion 38, and a gap is formed between a wall 
37 and a tip portion of the first member that is located 
at a side of the wall 37. Thus, the protrusion 38 is set to 



protrude from the wall 37 to a seed crystal 34, and a 
structure is provided in such a manner that the outside 
of the crucible 30 communicates with the growth room 

35 through the communicating path 38a. 

5 [0043] Incidentally, a portion of the first cylindrical 
body at the side of the upper chamber 3 and a portion 
of the second cylindrical body at the side of the upper 
chamber 3 are connected with each other to unite with 
each other. 

w [0044] Such the crucible 30 is constituted as follows, 
in other words. That is, the crucible 30 has a cylindrical 
member corresponding to the first member 31 a glass- 
shaped member corresponding to the second member 
32. The cylindrical member is disposed inside the glass- 

1* shaped member, an end portion at an inlet side of the 
glass-shaped member and one end portion of the cylin- 
drical member are positioned at the same plane, and a 
gap is formed between the other end portion of the cy- 
lindrical member and a bottom of the glass-shaped 

20 member. Besides, the protrusion 38 is formed approxi- 
mately at a center of a bottom of a glass-shaped mem- 
ber corresponding to the second member 32 to protrude 
to a direction of an open end of the glass-shaped mem- 
ber, and the communicating path 38a, which communi- 

25 cates with the outside of the crucible 30 and a space 
(growth room 35) formed inside a cylindrical body cor- 
responding to the first member 31 , is formed in the pro- 
trusion 38. 

[0045] Incidentally, high purity graphite capable of 
30 withstanding high temperature (for example, approxi- 
mately 2400 °C) can be employed to material for the first 
member 31 . By using the high purity graphite, it is re- 
duced that impurity comes out from the crucible 30 and 
is taken into the crystals during growth. 
35 [0046] On the other hand, an inlet conduit 5 is con- 
nected to the wall 37 of the second cylindrical member 

36 so that the inlet conduit 50 communicates with the 
growth room 35. The mixture gas for crystal growth of 
SiC is introduced to the growth room 35 through the inlet 

40 conduit 50 and the communicating path 38. 

[0047] The inlet conduit 50 is constituted in such a 
manner that a temperature gradient occurs so that a 
temperature of the inlet conduit 50 rises at a portion in 
the inlet conduit 50 that is closer to the crucible 30. In 
45 this embodiment, the inlet conduit 50 is composed of 
three parts. Starting from an outlet portion 50d where 
the mixture gas is exhausted into the growth room 35, 
first inlet conduit 50a, second inlet conduit 50b, and third 
inlet conduit 50c are arranged in this order. 
so [0048] The first inlet conduit 50a is located at a top 
portion of the inlet conduit 50 where the outlet portion 
50d is located, and therefore, disposed close to the cru- 
cible 30. Accordingly, the first inlet conduit 50a is com- 
posed of material capable of withstanding high temper- 
as ature such as, for example, graphite. First thermal insu- 
lator 51 is disposed so that the temperature gradient oc- 
curs in the first inlet conduit 50a. 
[0049] Moreover, second thermal insulator 52 is dis- 
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posed between the first inlet conduit 50a and the cruci- 
ble 30. Thus, amount of heat transfer from the crucible 
30 that is heated up to high temperature to the first inlet 
conduit 50a is reduced, whereby the temperature gra- 
dient preferably occurs in the first inlet conduit 50a. 
[0050J By such the structure, temperature at a portion 
in the first inlet conduit 50a that is located under the fist 
heat insulator 51 can beset at 500 °C. Specially, porous 
graphite can be employed as a material for the first and 
second heat insulator 51 and 52. 
[0051 ] The second inlet conduit 50b is provided to re- 
strain heat conduction from the first inlet conduit 50a to 
the third inlet conduit 50c. Therefore, the second inlet 
conduit 50b is composed of a material that has low ther- 
mal conductivity such as, for example, quarts. The third 
inlet conduit 50c is composed of, for example, metal, 
more specially, SUS (stainless steel). The third inlet con- 
duit 50c is equipped with, for example, a cooling struc- 
ture that cools down the third inlet conduit 50c with wa- 
ter, for example. 

[0052] Here, when surface roughness Ra is set as an 
average of difference in dimension between protruding 
portions and hollow portions at a surface of the inside 
of the inlet conduit 50 along a direction perpendicular to 
the surface thereof, the surface roughness Ra of the in- 
ner surface of the inlet conduit 50 is set at 7 urn or less, 
preferably 1 urn or less. 

[0053] This is because, especially in the first inlet con- 
duit 50a, temperature of the mixture gas rises at high 
(for example, 500 °C or more), so that deposits of the 
mixture gas tend to deposit on the inner surface of the 
first inlet conduit 50a. Therefore, when the surface 
roughness Ra is restrained, contact area is reduced 
where the mixture gas contacts to the inner surface of 
the first inlet conduit 50a, so that flow velocity of the mix- 
ture gas near the inner surface of the first inlet conduit 
50 is prevented from being lowered. As a result, the inlet 
conduit 50 is prevented from being plugged. 
[0054] Further, a portion of the inlet conduit 50 at an 
opposite side of the outlet portion 50d penetrates a low- 
er lid 5 to reach an external of the chamber 1 . Although 
not shown, a mass flow controller is equipped that is lo- 
cated at a further lower side to control flow of the mixture 
gas that flows into the inlet conduit 50. Moreover, al- 
though not shown, a pyrometer is equipped that is lo- 
cated under the inlet conduit 50 to measure temperature 
at a surface of the SiC single crystals in process of crys- 
tallization or the surface of the seed crystal 34 through 
the inlet conduit 50. 

[0055] A lifting shaft (hereinafter, merely referred to 
as a shaft) 8 is fixed to other side of the pedestal 33 that 
is opposite to the side where the seed crystal 34 is fixed, 
to lift the seed crystal 34 to a direction opposite to a 
growth direction of the SiC single crystals. The shaft 8 
has a tube shape, a portion thereof close to the crucible 
30 is composed of quarts, and a portion farfrom the cru- 
cible 30 is composed of SUS (stainless steel). A pyrom- 
eter is equipped at an upper side of the shaft 8 to meas- 



ure temperature of the pedestal 33. Incidentally, the 
shaft 8 is also surrounded with the heat insulator 7 in 
the neighborhood of the crucible 30. 
[0056] A temperature rising means 9 is provided out- 

s side the chamber 1 , which is located at the same level 
to the crucible 30. An RF (Radio Frequency) coil 9 is 
employed as the temperature rising means 9. In this em- 
bodiment, the RF coil has an upper coil and a lower coil 
independent with each other, so that temperature of an 

w upper portion of the chamber 1 is controlled independ- 
ent from that of a lower portion of the chamber 1 . More- 
over, although not shown, an x-ray apparatus is dis- 
posed outside the chamber 1 . 
[0057] Next, manufacturing method of SiC single 

15 crystals will be explained, which is performed using such 
the manufacturing apparatus. First, the seed crystal 34 
is fixed on the one surface of the pedestal 33, and dis- 
posed at a predetermined position inside the growth 
room 35 by positioning using the shaft 8. 

20 [0058] Next, the inside of the chamber 1 is vacuumed 
while Ar gas is introduced through the inlet conduit 50. 
After that, the crucible 30 is inductively heated up by 
applying electrical power to the RF coil 9, Then, temper- 
ature of the crucible 30 is stabilized at a predetermined 

25 temperature (above 1420 °C that is a temperature in 
melting point of Si, preferably approximately at 2400 °C 
where SiC can sublime), and pressure in the crucible 30 
is set at a predetermined pressure, incidentally, since 
the crucible 30 is surrounded with the heat insulator 7, 

30 the crucible 30 is set at high uniform temperature easily. 
The temperature gradient occurs in the inlet conduit 50 
so that temperature therein Increases at the portion in 
the inlet conduit 50 that is closer to the crucible 30. More 
specifically, the temperature gradient in the inlet conduit 

35 50 is 1 00 °C/cm or more on an average from an end 
portion in the inlet conduit that is disposed at thecrucible 
30 to a portion at 500 °C in the inlet conduit 50. This 
temperature gradient may be further steep, i.e., may be 
500 °C/cm or more. 

40 [0059] In this embodiment, the first and second heat 
insulators 51 and 52 are disposed at the crucible 30. 
The porous graphite is capable of withstanding high 
temperature and is porous, thereby being prevented 
from being inductively heated up by the RFcoil 9. There- 

45 fore, by employing the porous graphite as the heat in- 
sulators 51 and 52, the temperature gradient preferably 
occurs in the inlet conduit 50. Incidentally, temperature 
at a portion in the first inlet conduit 50a under the first 
heat insulator 51 is set approximately at 500 °C. 

so [0060] The mixture gas is Introduced into the crucible 
30 with carrier gas through the inlet conduit 50. The mix- 
ture gas includes a gas containing Si and a gas contain- 
ing C. Specially, SiH 4 , C 3 H 8 , H 2 , and N 2 are used as the 
mixture gas. 

55 [0061] In these gases, SiH 4 and C 3 H 8 are the gases 
for forming SiC single crystals. Moreover, H 2 forms hy- 
drocarbon by combining with excess carbons at a sur- 
face of SiC single crystal so that H 2 prevents the surface 



5 



9 



EP 1 205 583 A1 



10 



of SiC single crystal from being carbonized. Moreover, 
N 2 is a dopant gas and introduced to form n-type con- 
ductive SiC. Incidentally, trimethylaluminium gas or the 
like Is used and introduced Al to form p-type conductive 

SiC, 

[0062] Incidentally, the carrier gas is used for increas- 
ing gas flow in the inlet conduit 50, and Ar is employed, 
for example. 

[0063] As described above, by introducing the mixture 
gas into the crucible 30 through the inlet conduit 50 
where the temperature gradient occurs, the mixture gas 
is not heated up rapidly after introduced into the crucible 
30, but the mixture gas at high temperature that is heat- 
ed up when passing through the inlet conduit 50. There- 
fore, silicon carbide single crystals having high quality 
can be formed. 

[0064] In this case, when the temperature of the mix- 
ture gas rises and exceeds such a degree at 500 °C, 
there is possibility that St deposits on the inner surface 
when SiH 4 bumps against the inner surface of the inlet 
conduit 50. However, the depositions thereof are pre- 
vented if the mixture gas is transferred to a high temper- 
ature region of the inlet conduit at which temperature 
thereof is a sublimation point or a melting point of Si and 
SiC sublime before the depositions thereof occur. The 
temperature at the high temperature region of the inlet 
conduit described above is 1 800 °C where SiC can sub- 
lime. 

[0065] In this embodiment, the mixture gas is trans- 
ferred to a higher temperature region by generating the 
temperature gradient in the inlet conduit 50. Volume of 
the mixture gas is expanded as temperature thereof ris- 
es. Therefore, the flow velocity of the mixture gas in- 
creases as the temperature thereof rises. Moreover, 
since the carrier gas is mixed with the mixture gas, the 
flow velocity in the inlet conduit 50 can be faster. 
[0066] More specifically, a flow velocity of the mixture 
gas at the end portion of the inlet conduit 50 that is dis- 
posed at the side of the crucible 30 is preferably 50 cm/ 
s or more, 500 cm/s or more, more desirably. 
[0067] As described above, the mixture gas can be 
transferred to the higher temperature region, so that the 
inlet conduit 50 is prevented from being plugged with 
the mixture gas. 

[0068] Incidentally, the mixture gas that is introduced 
into the crucible 30 through the inlet conduit 50 is crys- 
tallized on the seed crystal or the SiC single crystals that 
has already been crystallized on the seed crystal, Crys- 
tallinity of the SiC single crystals in this time varies 
based on crystallinity of the seed crystal 34 or a condi- 
tion of the temperature in the crucible 30 or the like, so 
that the SiC single crystals grow as 4H-SiC or 6H-SiC 
or the like. 

[0069] After that, the mixture gas passes through the 
gap between the protrusion 38 and the tip portion of the 
first member 31 , the gap formed between the tip portion 
of the first member 31 and the wall 37 of the second 
member 32 (the bottom of the glass-shaped member), 



and the gap between the outer wall of the first member 
31 and the inner wall of the second cylindrical portion 
36, then, the mixture gas is exhausted to the outside of 
the crucible 30. 
5 [0070] Generally, deposits (for example, that are com- 
posed of solidified ingredients of polycrystalline silicon 
or the like in the mixture gas) caused by the mixture gas 
tend to accumulate on a portion where temperature 
thereof is lower than other portions on the periphery 
10 thereof. Therefore, in this embodiment, by adjusting 
each output of RF coils that are independent from each 
other in high and low, temperature of the mixture gas 
exhausted from the crucible at an exhaust portion of the 
crucible 30 is higher than that of the mixture gas Intro- 
's duced into the crucible 30 at an introducing portion of 
the crucible 30. Incidentally, in the embodiment shown 
in the drawing, the introducing portion denotes a portion 
in the wall 37 that is connected to the inlet conduit 50, 
and the exhaust portion denotes the gap formed with 
20 first member 31 and the second cylindrical body 36. 
[0071] As described above, the exhaust portion is pre- 
vented from being plugged with the deposits caused by 
the mixture gas when the mixture gas is exhausted from 
the crucible 30 by rising the temperature at the exhaust 
25 portion. Namely, since SiC vapor pressure becomes 
high at a high temperature portion, polycrystalline silicon 
is prevented from being deposited on the exhaust por- 
tion so that the gas is exhausted from the crucible 30 
smoothly. 

30 [0072] Then, when the crystal growth is stopped, the 
mixture gas is stopped being supplied and the temper- 
ature is lowered by decreasing electrical power supply 
of the RF power. After that, the SiC single crystals is 
transferred to the upper chamber 3, and pressure in the 

35 upper chamber 3 is risen to atmospheric pressure, and 
then, the SiC single crystals are taken from the sample 
take-out port 3a. 

[0073] As described above, a blockage due to the 
mixture gas at the inlet conduit 50, and a blockage due 

40 to the mixture gas at the exhaust portion are prevented, 
so that SiC single crystals are grown. 
[0074] Incidentally, during the crystal growth, temper- 
ature of the seed crystal 34 or the SiC single crystals is 
measured by the pyrometer equipped beneath the inlet 

45 conduit 50, and the temperature can be set under that 
of the crucible 30. Therefore, although change in tem- 
perature caused by an arrangement of crucible 30 and 
pedestal 33 or by deterioration with heat may occur, the 
mixture gas can be crystallized on the surface of the 

50 seed crystal 34 or the SiC single crystals at constant 
temperature. 

[0075] Moreover, since an opening of the communi- 
cating path 36a that is disposed at a side of the growth 
room 35 is larger than that of the communicating path 
55 38a that is disposed at a side of the inlet conduit 50, the 
flow velocity of the mixture gas can be slower around 
the seed crystal 34. Thus, the mixture gas can stay at 
around the seed crystal 34 for a long time, so that a lot 
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of SiH 4 and C 3 H 8 in the mixture gas can be contributed 
to form SiC single crystals. 

[0076] Moreover, since the deposits are prevented 
from being formed at the inlet conduit 50 or the exhaust 
portion of the crucible 30, the mixture gas is reduced to 
be used up except the growth of SiC single crystals. 
[0077] Incidentally, in the manufacturing apparatus 
described above, the pedestal 33 is connected to the 
shaft 8 so as to be lifted up to an upper direction (direc- 
tion of the upper chamber 3) according to progress of 
the crystal growth of SiC single crystals. Therefore, the 
crystals can grow long successively. 

(Second Embodiment) 

[0078] FIG. 2 shows a schematic cross sectional view 
of a manufacturing apparatus regarding second embod- 
iment. Hereinafter, different portions from the first em- 
bodiment are described mainly, and the same compo- 
nent parts are designated by the same reference nu- 
merals so that description thereof is omitted. 
[0079] In this embodiment, an inlet conduit 50 is dif- 
ferent in shape of an end portion thereof from that in the 
first embodiment. As shown in FIG. 2, a sectional area 
of an inlet conduit 50 decreases at a portion thereof that 
is closer to a crucible 30. 

[0080] Thus, since a path of a rhixture gas tapers off 
at a portion of the inlet conduit that is closer to the cru- 
cible 30, flow velocity of the mixture gas increases at the 
portion of the inlet conduit that is closer to the crucible 
30. Therefore, in comparison with a case in which sec- 
tional area of hole in the conduit 50 is constant as the 
first embodiment, thef low velocity of the mixture gas can 
further increase at an end portion of the inlet conduit 50, 
so that blockage caused by the mixture gas in the inlet 
conduit 50 is prevented. 

[0081 ] Incidentally, the inlet conduit 50 in this embod- 
iment is not constructed with different three parts as the 
first embodiment, but constructed with one or two parts. 
In addition, a first heat insulator 51 is provided at a half- 
way portion of the inlet conduit 50. Moreover, a second 
heat insulator 52 is provided between the crucible 30 
and the inlet conduit 50. By constructing in the manner 
described above, a temperature gradient may occur in 
the inlet conduit 50. 

[0082] Incidentally, although the inlet conduit 50 in this 
embodiment is constructed with one or two parts, pref- 
erably, surface roughness of an inner surface of the inlet 
conduit 50 is controlled similarly to the first embodiment 
at a portion having a temperature gradient. More spe- 
cifically, since deposits tend to be formed at a portion at 
which temperature exceeds such a degree at 500 °C, 
the portion should be controlled in temperature prefer- 
ably. 

[0083] Incidentally, a protrusion 36a is not provided in 
the crucible 30. Even if such the structure, SiC single 
crystals are produced sufficiently. 
[0084] Further, the gap formed between a wall 37 and 



a tip portion of the first member 31 is narrowed to such 
a degree that flow rate of the gas is limited. Therefore, 
the mixture gas in the growth room 35 tends not to be 
exhausted from the crucible 30. As a result, the mixture 
5 gas stays in the growth room 35 for a long time, so that 
a lot of SiC single crystals are crystallized and grown 
from the mixture gas. 

[0085] Incidentally, with regard to the surface rough- 
ness Ra of the inner surface in the inlet conduit 50, it Is 
10 not necessarily to control a whole portion where the tem- 
perature gradient occurs in the inlet portion 50, but it is 
preferable to control at least at an exit 50d as a portion 
where sectional area of the hole in the inlet conduit 50 
is smallest so that deposits tend to plug. 

15 

(Third Embodiment) 

[0086] FIG, 3 shows a schematic cross sectional view 
of a manufacturing apparatus regarding third embodi- 
ment. Hereinafter, different portions from the first em- 
bodiment are described mainly, and the same compo- 
nent parts are designated by the same reference nu- 
merals so that description thereof is omitted. 
[0087] In this embodiment, a protrusion 38 is different 
in shape of a wall surface of a communicating path 38a 
from that in the first embodiment. As shown in FIG. 3, 
the wall surface of the communicating path 38a has a 
convex and concavity face therein. More specifically, 
slot-shaped grooves 38b is fo rmed to face a seed crystal 
34. 

[0088] Generally, when a mixture gas is supersaturat- 
ed in a growth room 35, the mixture gas 30 bumps 
against a wall of the crucible 35, so that deposits are 
formed on this wall. When the mixture gas is supplied 
through the communicating path 38a of the protrusion 
38 protruding to a side of the seed crystal 34 in the cru- 
cible 30, there is possibility that the deposits are formed 
on the wall surface of the communicating path 38a, so 
that the deposits fall so as to plug the inlet conduit 50. 
[0089] However, in this embodiment, by providing the 
grooves 38b to the wall surface of the communicating 
path 38a, the deposits are trapped in the grooves 38b, 
so that the inlet conduit 50 is prevented from being 
plugged with the dropped deposits. Moreover, the de- 
posits trapped in the grooves 38b may be sublimed and 
used to a growth of SiC. Incidentally, steps may be 
formed on the wall surface of the communicating path 
38a instead of the grooves 38b. 
[0090] Moreover, in this embodiment, as shown in 
FIG. 3, a gas trap 40 is provided at a side of the upper 
chamber 3 as a room for passing the gas exhausted 
from the growth room 35 through. The gas trap 40 is 
lowered in temperature in comparison with the growth 
room 35. Furthermore, in the gas trap 40, an opening 
41 , which communicates with an exhaust portion of the 
crucible 30, is formed on one face located at a side close 
to the crucible 30, and an opening 42 is formed on other 
face located at a side opposite to the crucible 30. An 
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opening 7a is formed in a heat insulator 7 so as to be 
located in accordance with the opening 42. 
[0091] As described above, since the gas trap 40 is 
provided, the mixture gas exhausted from the crucible 
30 passes through the gas trap 40. Since deposits due 
to the mixture gas tend to accumulate at a portion where 
temperature is low, the deposits accumulate on the gas 
trap 40. Therefore, constituents of the mixture gas are 
solidified so that concentration of the constituents in the 
mixture gas can be reduced. As a result, an exhaust 
conduit 6 is prevented from being plugged with the de- 
posits due to the mixture gas. 
[0092] Furthermore, since the deposits accumulate 
on a wall of the gas trap 40, a flow path of the gas in the 
gas trap 40 is secured sufficiently. Moreover, the gas 
trap 40 may be provided as a separated body from the 
crucible 30 so as to be changed for a new one when 
amount of the deposits increases. 
[0093] Incidentally, in the above-mentioned embodi- 
ments, although the heat insulators 51 and 52 are pro- 
vided to the inlet conduit 50 to cause the temperature 
gradient therein suitably, as shown in FIG. 3, it is not 
necessarily to provide the heat insulators 51 and 52. 

(Other Embodiments) 

[0094] In each embodiment described above, the RF 
coil 9 is provided movably. Portions where the deposits 
based on the mixture gas are formed in the crucible 30 
are checked using an x-ray apparatus, so that temper- 
ature of the portions where the deposits are formed ris- 
es. 

[0095] Thus, the deposits are sublimed by increasing 
the temperature thereof, so that the deposits are re- 
duced, whereby blockage of the crucible 30 is prevent- 
ed. 

[0096] Moreover, TaC or the like is formed on an inner 
wall of the inlet conduit 50 to constitute the inner wall of 
the inlet conduit 50, and a surface roughness of the TaC 
may be controlled similarly to each above-mentioned 
embodiment. Specially, as the first embodiment, when 
a surface roughness Ra of the inner surface of a portion 
in the inlet conduit 50 that is composed of graphite is 
controlled, it is preferable that TaC is formed on the inner 
surface and the surface roughness Ra of the inner sur- 
face is controlled. 

[0097] Further, a surface roughness Ra of an end por- 
tion of the inlet conduit 50 (for example, that is com- 
posed of graphite) can be controlled, or a surface rough- 
ness Ra of an entire inner surface of the inlet conduit 50 
can be controlled. 

[0098] Further, in the above-mentioned embodi- 
ments, although Ar gas is employed as the carrier gas, 
inert gas such as He or the like can be employed in ad- 
dition to Ar gas. Furthermore, although H 2 gas is includ- 
ed in the mixture gas, H 2 gas may be employed as a 
carrier gas. Since both H 2 and He have high thermal 
conductivity in comparison with SiH 4 and C 3 H 8 , these 



gases can absorb heat on the seed crystal 34 or the SiC 
single crystals when reaching. Therefore, surface of the 
seed crystal 34 or the SiC single crystals is cooled down 
in comparison with the crucible 30, the crystal growth of 
s SiC is encouraged. 

[Example] 

[0099] First, the seed crystal 34 was fixed to the ped- 
10 estal 33, and disposed at a predetermined place in the 
crucible 30. At that time, the seed crystal was disposed 
so that a (0 0 0 1) Si face of 6H-SiC faces the growth 
room 35. 

[0100] Then, the chamber 1 was vacuumed, and Ar 
is was introduced into the chamber 1 at a rate of 1 0 litters 
per minute through the inlet conduit 50. Moreover, elec- 
trical power was supplied to the RF coil 9, so that the 
crucible was heated up to 2400 °C. 
[0101] After that, when temperature of the crucible 30 
became stable at 2400 °C, pressure in the chamber 1 
was set at 2.66 x 10 4 Pa, and the mixture gas and the 
carrier gas described above were introduced into the 
crucible 30 while flows thereof were controlled by the 
mass flow controller. The flows of SiH 4 , C 3 H 8 , H 2 gas, 
N 2 , and Ar were set to 1 litter per minute, 0.27 litters per 
minute, 1 litter per minute, 0.4 litters per minute, and 5 
litters per minute, respectively. 
[0102] During the crystal growth, surface temperature 
of the seed crystal 34 or the SiC single crystals grown 
on the seed crystal 34 were measured by the pyrometer 
disposed beneath the inlet conduit 50, and controlled to 
be at 2350 °C. Moreover, temperature distribution and 
gas concentration distribution were uniformed at the 
surface of the seed crystal 34 or the SiC single crystals 
grown on the seed crystal 34 by rotating the shaft 8. 
[01 03] When one hour passed after start of the crystal 
growth, crystal growth amount was monitored during the 
crystal growth by observing a transmission image of the 
crucible 30 using an x-ray apparatus. As a result, growth 
rate was at 1 .5 mm/hour based on the growth amount. 
The crystal growth was continued while the shaft 8 was 
lifted up according to the growth rate. 
[01 04] The crystal growth had been performed for 40 
hours as described above, then supplies of SiH 4 , C 3 H fl , 
H 2 gas, N 2 , and Ar gases were stopped, and the tem- 
perature was decreased by lowering the electric power 
of the RF power. After that, the SiC single crystals was 
transferred to the upper chamber 3, and pressure in the 
upper chamber 3 was risen to atmospheric pressure, 
and then, the SiC single crystals were taken from the 
sample take-out port 3a. 

[0105] After the experiment described above, the 
growth amount of the SiC single crystals was measured 
to be at 57 mm. The fact was found that a taken-out ingot 
of the SiC single crystals had temperature distribution 
and gas concentration distribution symmetrically with 
respect to a center thereof since the ingot had a facet 
of a (0 0 0 1) face at a grown surface thereof. 
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[0106] Moreover, a wafer having a thickness of 500 
nm was sliced from the SiC single crystals and was pol- 
ished. The SiC wafer was checked in Raman scattering 
spectroscopy characteristic, then, the wafer had a poly 
type of 6H-SiC. Besides, emission distribution on a 
plane of the wafer was checked by radiating He-Cd laser 
(325 nm) to the SiC wafer, then, the SiC wafer had the 
same poly type of 6H-SiC at whole surface thereof. 
[0107] While the present invention has been shown 
and described with reference to the foregoing preferred 
embodiment, it will be apparent to those skilled in the 
art that changes in form and detail may be therein with- 
out departing from the scope of the invention as defined 
in the appended claims. 



Claims 

1 . A manufacturing method for producing silicon car- 
bide single crystals, comprising: 

providing a silicon carbide single-crystal sub- 
strate (34) as a seed crystal (34) in a crucible 
(30); 

introducing a mixture gas having a gas includ- 
ing Si and a gas including C into said crucible, 
whereby silicon carbide single crystals grow on 
said silicon carbide single-crystal substrate, 
characterized in that: 

a temperature gradient occurs in an inlet 
conduit (50) for introducing the mixture gas 
so that a temperature of the inlet conduit 
rises at a portion of the inlet conduit that is 
closer to the crucible. 

2. A manufacturing method for producing silicon car- 
bide single crystals according to claim 1 , wherein: 

a conduit having a hole whose sectional area 
is smaller at a portion thereof that is closer to 
the crucible as the inlet conduit. 

3. A manufacturing method for producing silicon car- 
bide single crystals according to claim 1 or2, where- 
in: 

a temperature gradient in the inlet conduit is set 
at 1 00 °C/cm or more on an average from an 
end portion in the inlet conduit that is disposed 
at the crucible to a portion at 500 °C in the inlet 
conduit. 

4. A manufacturing method for producing silicon car- 
bide single crystals according to claim 1 or 2, where- 
in: 

a temperature gradient in the inlet conduit is set 



at 500 °C/cm or more on an average from an 
end portion in the inlet conduit that is disposed 
at the crucible to a portion at 500 °C in the inlet 
conduit. 

5 

5. A manufacturing method for producing silicon car- 
bide single crystals according to any one of claims 
1 to 4, wherein: 

10 a flow velocity of the mixture gas at an end por- 

tion of the inlet conduit that is disposed at a side 
of the crucible is set at 50 cm/s or more. 

6. A manufacturing method for producing silicon car- 
's bide single crystals according to any one of claims 

1 to 4, wherein: 

a flow velocity of the mixture gas at an end por- 
tion of the inlet conduit that is disposed at a side 
20 of the crucible is set at 500 cm/s or more. 

7. A manufacturing method for producing silicon car- 
bide single crystals, comprising: 

25 providing a silicon carbide single-crystal sub- 

strate (34) as a seed crystal (34) in a crucible 
(30); 

introducing a mixture gas having a gas includ- 
ing Si and a gas including C into said crucible, 
30 whereby silicon carbide single crystals grow on 

said silicon carbide single-crystal substrate, 
characterized in that: 

the mixture gas is mixed with a carrier gas, 
35 then, the mixture gas and the carrier gas 

are introduced into crucible through an inlet 
conduit (50) for introducing the mixture gas 
into the crucible. 

40 8. A manufacturing method for producing silicon car- 
bide single crystals according to claim 7, wherein: 

a flow rate including the mixture gas and the 
carrier gas in the inlet conduit is bigger than that 
45 of a gas composed only of the mixture gas in 

the inlet conduit. 

9. A manufacturing method for producing silicon car- 
bide single crystals according to claim 7 or 8, where- 

so in: 

the carrier gas is composed at least one of hy- 
drogen and inert gas. 

55 10. A manufacturing method for producing silicon car- 
bide single crystals comprising: 

providing a silicon carbide single-crystal sub- 
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strate (34) as a seed crystal (34) in a crucible 
(30); 

introducing a mixture gas having a gas includ- 
ing Si and a gas including C into said crucible, 
whereby silicon carbide single crystals grow on s 
said silicon carbide single-crystal substrate, 
characterized In that: 

a temperature at an exhaust portion of the 
crucible through which the mixture gas is io 
introduced into the crucible is set higher 
than that at an introducing portion of the 
crucible through which the mixture gas is 
exhausted from the crucible. 

15 

11. A manufacturing method for producing silicon car- 
bide single crystals, comprising: 

providing a silicon carbide single-crystal sub- 
strate (34) as a seed crystal (34) in a crucible 20 
(30): 

introducing a mixture gas having a gas includ- 
ing Si and a gas including C into said crucible, 
whereby silicon carbide single crystals grow on 
said silicon carbide single-crystal substrate; 25 
checking a portion in the crucible where depos- 
its caused by the mixture gas are formed using 
an x-ray apparatus provided outside of the cru- 
cible; and 

rising a temperature of the portion in the cruci- 30 
ble with a temperature rising means (9) provid- 
ed outside of the crucible, which is movable 
with respect to the crucible, by shifting the tem- 
perature rising means. 

35 

12. A manufacturing method for producing silicon car- 
bide single crystals, comprising: 

providing a silicon carbide single-crystal sub- 
strate (34) as a seed crystal (34) in a crucible *o 
(30); 

introducing a mixture gas having a gas includ- 
ing Si and a gas including C into said crucible, 
whereby silicon carbide single crystals grow on 
said silicon carbide single-crystal substrate; & 
passing the mixture gas that is exhausted from 
a growth room (35) where growth of silicon car- 
bide single crystals on the silicon carbide sin- 
gle-crystal substrate is performed in the cruci- 
ble through a room (40), so 

wherein a temperature of the room is set lower 
than that of the growth room. 

13. A manufacturing apparatus for producing silicon ss 
carbide single crystals comprising: 

a crucible (30) for disposing a silicon carbide 



single-crystal substrate (34) therein as a seed 
crystal (34), wherein a mixture gas having a gas 
including Si and a gas including C is introduced 
into the crucible, so that silicon carbide single 
crystals grow on said silicon carbide single- 
crystal substrate; and 

an inlet conduit (50) for introducing the mixture 
gas into the crucible, the inlet conduit having a 
temperature gradient therein so that tempera- 
ture of the inlet conduit at a side of the crucible 
is higher than that of the inlet conduit at an op- 
posite side with respect to the crucible. 

14. A manufacturing apparatus for producing silicon 
carbide single crystals comprising: 

a crucible (30) for disposing a silicon carbide 
single-crystal substrate (34) therein as a seed 
crystal (34), wherein a mixture gas having a gas 
including,Si and a gas including C is introduced 
into the crucible, so that silicon carbide single 
crystals grow on said silicon carbide single- 
crystal substrate; and 

an inlet conduit (50) for introducing the mixture 
gas into the crucible, the inlet conduit having a 
temperature gradient therein so that tempera- 
ture of the inlet conduit at a side of the crucible 
is higher than that of the inlet conduit at an op- 
posite side with respect to the crucible, by a first 
heat insulator (51) is provided at a halfway por- 
tion of the inlet conduit. 

15. A manufacturing apparatus for producing silicon 
carbide single crystals according to claim 14, 
wherein: 

materials composed of the inlet conduit are ar- 
ranged in order of graphite, quartz, and metal 
from an outlet portion (50d) where the mixture 
gas is exhausted into the crucible. 

16. A manufacturing apparatus for producing silicon 
carbide single crystals according to claim 15, 
wherein: 

the first heat insulator is provided at a halfway 
portion of a portion composed of the graphite 
in the inlet conduit. 

17. A manufacturing apparatus for producing silicon 
carbide single crystals according to any one of 
claims 13 to 16, wherein: 

a sectional area of a hole of the inlet conduit is 
reduced at a portion of the inlet conduit that is 
closer to the crucible. 

18. A manufacturing apparatus for producing silicon 
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carbide single crystals according to any one of 
claims 13 to 17, wherein: 

a temperature gradient in the inlet conduit is set 
at 1 00 °C/cm or more on an average from an 
end portion in the inlet conduit that is disposed 
at the crucible to a portion at 500 °C in the inlet 
conduit. 

19. A manufacturing apparatus for producing silicon 
carbide single crystals according to any one of 
claims 13 to 18, wherein: 

a temperature gradient in the inlet conduit is set 
at 500 °C/cm or more on an average from an 
end portion in the inlet conduit that is disposed 
at the crucible to a portion at 500 °C in the inlet 
conduit. 

20. A manufacturing apparatus for producing silicon 
carbide single crystals according to any one of 
claims 13 to 19, wherein: 

a flow velocity of the mixture gas at an end por- 
tion of the inlet conduit that is disposed at a side 
of the crucible is 50 cm/s or more. 

21. A manufacturing apparatus for producing silicon 
carbide single crystals according to any one of 
claims 13 to 19, wherein: 

a flow velocity of the mixture gas at an end por- 
tion of the inlet conduitthat is disposed at a side 
of the crucible is 500 cm/s or more. 

22. A manufacturing apparatus for producing silicon 
carbide single crystals according to any one of 
claims 13 to 21, wherein: 

a second heat insulator (52) is provided be- 
tween the inlet conduit and the crucible. 

23. A manufacturing apparatus for producing silicon 
carbide single crystals according to any one of 
claims 13 to 22, wherein: 

a surface roughness Ra is 7 jam or less at least 
at an inner surface of an outlet portion (50d) in 
the inlet conduit where the mixture gas is ex- 
hausted from the inlet conduit to the crucible. 

24. A manufacturing apparatus for producing silicon 
carbide single crystals according to any one of 
claims 13 to 22, wherein: 

TaC is formed on an inner surface of an outlet 
portion (50d) in the inlet conduit where the mix- 
ture gas is exhausted from the inlet conduit to 



the crucible, and a surface roughness Ra of the 
TaC is 7 urn or less. 

25. A manufacturing apparatus for producing silicon 
5 carbide single crystals according to claim 23 or 24, 

wherein: 

the inner surface of the outlet portion in the inlet 
conduit has a polished surface. 

w 

26. A manufacturing apparatus for producing silicon 
carbide single crystals according to claim 23 or 24, 
wherein: 

is the inner surface of the outlet portion in the inlet 

conduit has a mirror surface. 

27. A manufacturing apparatus for producing silicon 
carbide single crystals according to claim 23 or 24, 

20 wherein: 

a surface roughness Ra of the inner surface of 
the outlet portion in the inlet conduit has a pol- 
ished surface is 1 u.m or less. 

25 

28. A manufacturing apparatus for producing silicon 
carbide single crystals comprising: 

a crucible (30) for disposing a silicon carbide 
30 single-crystal substrate (34) therein as a seed 

crystal (34), wherein a mixture gas having a gas 
including Si and a gas including C is introduced 
into the crucible, so that silicon carbide single 
crystals grow on said silicon carbide single- 
35 crystal substrate; and 

a protrusion (38) is formed inside the crucible 
so as to protrude to a side of the silicon carbide 
single-crystal substrate, the protrusion having 
a communicating path (38a) which connects an 
40 inlet conduit (50) to introduce the mixture gas 

into the crucible to a growth room (35) where 
growth of silicon carbide single crystals on the 
silicon carbide single-crystal substrate is per- 
formed in the crucible; 

45 

wherein an opening area of the communicat- 
ing path increases at a portion of the communicat- 
ing path that is closer to the silicon carbide single- 
crystal substrate, and a wall surface of the commu- 
50 nicating path has a convex and concavity thereon. 

29. A manufacturing apparatus for producing silicon 
carbide single crystals comprising: 

55 a crucible (30) for disposing a silicon carbide 

single-crystal substrate (34) therein as a seed 
crystal (34), wherein a mixture gas having a gas 
including Si and a gas including C is introduced 
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into the crucible, so that silicon carbide single 
crystals grow on said silicon carbide single- 
crystal substrate; and 

a structure in which a temperature at an ex- 
haust portion of the crucible through which the s 
mixture gas is exhausted from the crucible is 
higher than that at an introducing portion of the 
crucible through which the mixture gas is intro- 
duced into the crucible. 

10 

30. A manufacturing apparatus for producing silicon 
carbide single crystals comprising; 

a crucible (30) for disposing a silicon carbide 
single-crystal substrate (34) therein as a seed 
crystal (34), wherein a mixture gas having a gas 
including Si and a gas including C is introduced 
into the crucible, so that silicon carbide single 
crystals grow on said silicon carbide single- 
crystal substrate; 20 
a temperature rising means (9) movably dis- 
posed outside the crucible; and 
an x-ray apparatus disposed outside the cruci- 
ble. 

25 

31. A manufacturing apparatus for producing silicon 
carbide single crystals comprising: 

a crucible (30) for disposing a silicon carbide 
single-crystal substrate (34) therein as a seed 30 
crystal (34), wherein a mixture gas having a gas 
including Si and a gas including C into said cru- 
cible is introduced into crucible, so that silicon 
carbide single crystals grow on said silicon car- 
bide single-crystal substrate; and 35 
a room (40) for passing the mixture gas therein 
that is exhausted from a growth room (35) 
where growth of silicon carbide single crystals 
on the silicon carbide single-crystal substrate 
is performed in the crucible, *o 

wherein a temperature of the room is set lower 
than that of the growth room. 
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